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EXECUTIVE SUMMARY

One of the initial stages in ecological risk assessment for hazardous waste sites is the
screening of contaminants to determine which of them are worthy of further consideration as
“contaminants of potential concern.” This process is termed "contaminant screening.” It is
performed by comparing measured ambient concentrations of chemicals to benchmark
concentrations. Currently, no standard benchmark concentrations exist for assessing contaminants
in soil with respect to their toxicity to plants. This report presents a standard method for deriving
benchmarks for this purpose (phytotoxicity benchmarks), a set of data concerning effects of
chemicals in soil or soil solutien on plants, and a set of phytotoxicity benchmarks for 34
chemicals potentially associated with UJ.S. Department of Energy (DOE) sites. Chemicals that
are found in soil at concentrations exceeding beth the phytotoxicity benchmark and the
background concentration for the soil type should be considered contaminants of potential
concern.



1. INTRODUCTION

An important step in ecological risk assessment is screening the chemicals occurring on a site
for contaminants of potential concern. Screening may be accomplished by comparing reported
concentrations in media to a set of toxicological benchmarks. 1If a chemical concentration or the
reported detection limit exceeds the screening benchmark, more analysis is needed to determine
the hazards posed by that chemical (i.c., it is a contaminant of potential concern). If, however,
the chemical concentration or its detectton limit falls below the proposed benchmark, the chemical
may be ignored during further study unless public concern or ancillary evidence suggest that it
should be retained.

The purpose of this report is to present plant toxicity data and discuss their utility as
benchmarks for determining the hazard to terrestrial plants caused by contaminants in soil.
Benchmarks are provided for soils and solutions.

Tests of the toxicity of chemicals in the rooting medium of plants are conducted using a
variety of rooting media. We have divided them into three categories: soil, solution, and other.
Tests conducted in natural soils (even when brought into the laboratory, dried, sieved, fertilized,
etc.) are assumed to be representative of the exposure of plants to contaminants measured in field
soils. Tests conducted in nutrient solutions are assumed to be representative of exposures of
plants to contaminants measured in soil solutions (e.g., from lysimeter samples or possibly from
aqueous extracts of soil) or in very shallow groundwater (e.g., plants in the vicinity of seeps and
springs). The other category includes media that are neither soils nor solutions, such as silica
sand and vermiculite. Data from such studies are not clearly related to any contaminant
measurements in ambient media. However, they are included in the review for purposes of
COMpArison,

Soil benchmarks are based on data provided only by toxicity studies in either the field or pots.
The reported toxic concentrations are not all equivalent to concentrations reported from field
sites. Most of the soil concentrations of metals reported from waste sites are from extractions
with hydrochloric acid (HCI) or other mineral acids which are intended to provide total
concentrations. Similarly, concentrations of organic contaminants in waste site soils are total
concentrations derived from rigorous solvent extractions. In some cases, toxicity tests report
concentrations extracted from contaminated soils, but various extractants are used that may not
yield total concentrations. More commonly, the concentrations reported are nominal
concentrations of a soluble form (i.e., a highly bioavailable form) of the chemical added to soil.

Solution benchmarks include data from toxicity tests conducted using whole plants rooted in
aqueous nutrient solutions. Tests are commonly conducted in this manner because plants are
assumed to be exposed to contaminants in the solution phase of soil and the presence of soil in
test systems reduces the experimenter’s degree of control over exposure. Groundwater samples
from waste sites are typically acidified before analysis to obtain total concentrations, but some
samples are filtered before acidification.

In general, the concentrations in prefiltered samples are likely to be more comparable to the
concentrations reporied from solution toxicity tests and should be used if available.
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These benchmarks are to serve for contaminant screening only. Plant toxicity may be affected
by many variables: pH, Eh, cation exchange capacity, moisture content, interactions with other
elements, and organic matter and clay content of the soil. In addition, different species react to
different contaminants with varying degrees of toxicity, and the sensitivity of plants may be
affected by its physiological condition. No systematic tests that thoroughly examine the effects
of these variables on plant toxicity are known to these authors., An assessor must realize that
these soil characteristics play a large part in plant toxicity and incorporate these site-specific
considerations in the evaluation of the potential hazards of a chemical. If chemical concentrations
reported in field soils that support vigorous and diverse plant communities exceed one or more
of the benchmarks presented in this report or if a benchmark exceeds background soil
concentrations, it is generally safe to assume that the benchmark is a poor measure of risk at that
site.

2. METHODS

2.1 DATA

References on the toxicity of selected chemicals to terrestrial plants were obtained from
searches of bibliographic data bases (BIOSIS, POL TOX I), a numeric data base (PHYTOTOX),
review articles, and conventional literature searching. The target was reports of toxicity tests of
individual chemicals in laboratory, greenhouse, or field settings.

Data presented in this report were derived mainly from primary sources. Secondary sources
were used if the primary source cited in the secondary source was unavailable, if only a little data
for a particular chemical were available, and if secondary sources suggested that a benchmark
derived from limited primary source material was too high. The general criteria for inclusion of
a study in the data set used to derive phytotoxicity benchmarks were:

1. Methodology was clearly stated (especially concentrations of applied chemicals) and followed
in the experiment.

2. Results were quantified as measures of plant growth or yield (e.g., weight, height). Measures
of metabolic activity or tissue chemical concentration were used if measures of growth or

yield were not available for a particular chemical of interest.

3. Results were presented in numeric form or graphical presentations of data were clearly
interpretable.

4. An unambiguous reduction existed in the measured parameter within the range of applied
concentrations of the chemical of interest.
The data selected using these criteria were assigned to the following categories for analysis:

1. Chemical—The effects of individual chemicals of interest were analyzed. In the case of
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metals, the metal itself is listed in the "Chemical” field. with the salt listed in the "Form"
field. For organics, the specific compound is listed in the "Chemical" field, except in the
case of polychlorinated biphenyl (PCB) for which the specific Aroclor mixture is listed in the
"Form" field.

Growth Medium—Methodologies were divided into three general groupings of growth media:

a. Solution: this category includes experiments in which the roots of plants were
submerged in solutions of variable composition containing the chemical of interest. In
most studies, plant growth nutrients were added. Solution pH was noted when given.

b.  Soil: this category includes soils derived from field soil profiles, regardless of
subsequent preparation and experimental location. Soil pH and organic matter content
were noted when given. Percentage organic carbon was converted to the more
frequently cited measure of percentage organic matter, by the equation (Nelson and
Sommers, 1982):

Zorganic carbon x 2 = %organic matter

. Other: this group is made up of alternative growth media such as pure quartz or silica
sand, vermiculite, and peat moss. Medium pH was noted when given.

Plant Species—The analysis was limited 10 terrestrial vascular plants, mainly domestic
cultivars. Plant growth stages were seed germination and early growth, seedling, or seedling
to maturity {(e.g., grains and vegetables).

Exposure duration—The durations of exposure of the test plants to chemicals of interest
ranged from 2 1o 279 days, with trees generally being exposed longer than plants with shorter
life spans.

NOEC—The no observed effect concentration (NOEC) is defined here as the highest applied
concentration of the chemical of interest which gave a reduction of 20% or less in a measured
response.

LOEC--The lowest observed effect concentration (LOEC) is defined here as the lowest
applied concentration of the chemical of interest which gave a greater than 20% reduction in
a measured response. In some cases, the LOEC for the test was the lowest concentration
tested (LCT) or the only concentration tested, as of when the ECy, was reported.

Response parameter—The majority of the responses were oven-dry weights of whole plants
or their parts. Others included root length, plant height, relative growth rate, grain yield,
seeds per plant, percent seed germination, and fresh and air-dry weights. Responses other
than these growth and yield parameters were included only if growth or yield parameters were
unavailable for a chemical. Transpiration rate, CO, uptake, and chlorophyll content of
needles were recorded for methyl mercury; chlorophyll content of needles for mercury also
was recorded.
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2.2 SELECTION OF TYPES AND LEVELS OF EFFECTS

Growth and yield parameters were used for iwo reasons. First, they are the most common
class of response parameters reported from phytotoxicity studies thereby using those parameters
allowed for derivation of reasonably consistent benchmarks for a large number of contaminants.
Second, growth and yield are ecologically significant responses both in terms of the plant
populations and the ability of the biota to support higher trophic levels.

Twenty percent reduction in growth or yield was used as the threshold for significant effects
to be consistent with other screening benchmarks for ecological risk assessment and with current
regulatory practice (Suter et al., 1992). In brief, most regulatory criteria are based on
concentrations that cause effects that are statistically significantly different from controls, which
on average correspond to greater than 20% effects. In addition, regulatory actions may be based
on comparisons of biclogical parameters measured on contaminated sites to those from reference
sites. Differences between sites generally must be greater than 20% to be reliably detected in
such studies. Therefore, the 20% effects level is treated as a conservative approximation of the
threshold for regulatory concern.

2.3 DERIVATION OF BENCHMARKS

Because of the diversity of soils, plant species, chemical forms, and test procedures, it is not
possible to estimate concentrations that would constitute a threshold for toxic effects on the plant
communities at particular sites from published toxicity data. This situation is analogous to the
problem of deriving benchmarks for sediments. In this report, the method used for deriving soil
benchrnarks is based on the National Oceanographic and Atmospheric Administration’s method
for deriving the Effects Range Low (ER-L) (Long and Morgan, 1990) which has been
recommended as a sediment screening benchmark by U.S. Environmental Protection Agency
(EPA) Region IV. The ER-L is the tenth percentile of the distribution of various toxic effects
thresholds for various organisms in sediments.

This approach can be justified by assuming that the toxicity of a chemical in soil is a random
variate, that the toxicity of contaminated soil at a particular site is drawn from the same
distribution, and that the assessor should be 90% certain of protecting plants growing in the site
soil. Any bias in the data set would mitigate against that assumption. In this implementation of
the approach, the bias most likely to be significant is the use of soluble salts of metals in the
toxicity tests which are likely to be more toxic than the mixture of forms encountered in field
soils. That bias would result in conservative benchmark values. Other possible sources of bias
include the use of predominately domestic plant species that may not be representative of plant
species in general, use of predominately agricultural soils which may not be representative of
soils in general, and the laboratory test conditions which may not be representative of field
conditions. The direction and magnitude of these potential biases is unknown.

The phytotoxicity benchmarks were derived by rank ordering the LOEC values and then
picking a number that approximated the tenth percentile. As with the ER-Ls, statistical fitting
was not used because there was seldom sufficient data and because these benchmarks are to be
used as screening values and do not require the consistency and precision of regulatory criteria.
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If there were 10 or fewer values for a chemical, the lowest LOEC was used. If there were more
than 10 values, the tenth percentile LOEC value was used. If the tenth percentile fell between
LOEC values, a value was chosen by interpelation. In all cases, benchmark values were rounded
to one significant figure.

Another possible source of benchmark values is values recommended in published reviews
of the phytotoxicity literature. ~When primary literature is unavailable for a particular
contaminant, concentrations identified in reviews as thresholds for phytotoxicity are used as
benchmarks. In addition, when fewer than three LLOEC values were found for a chemical in soil
or solution, and a toxicity threshold from a review is lower than the lowest LOEC, the toxicity
threshold is used as the benchmark for that chemical.

Any scheme for deriving a set of standard ecotoxicological benchmarks is based on
assumnptions that may be questioned by readers. The procedure used here is one that is consistent
with current regulatory practice and contains a minimum of assumptions or factors. Those who
care to make other assumptions or to add safety factors may make use of the data presented here
to calculate their own benchmarks.

3. RESULTS

Results of the literature review are summarized in Table 1. Proposed screening benchmarks
for phytotoxic effects of contaminants in soils and solutions are presented in Table 2.

4. RECOMMENDATIONS AND CONCLUSIONS

The values presented in Table 2 are intended for contaminant screening in the hazard
identification (problem formulation) phase of ecological risk assessments. Chemicals with soil
concentrations that exceed both the phytotoxicity benchmark for soil and the background soil
concentration for the soil type, and which may be derived from waste disposal, are contaminants
of potential concern. Background soil concentrations have been derived for the Oak Ridge
Reservation and should be generated for other Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) sites as well. Similarly, soil solution or shallow
groundwater concentrations that exceed both the phytotoxicity benchmark for solutions and the
background water concentration for the aquifer, which may be derived from waste disposal, and
to which plant roots may be exposed are contaminants of potential concern.

For baseline ecological risk assessments, and other assessments that may lead to regulatory
actions, assessors should consult the primary sources of toxicity data and then determine the
applicability of the data to their specific site. In addition, assessments should not blindly rely on
laboratory toxicity data. Where phytotoxicity is suspected, phytotoxicity tests should be
performed with the contaminated scil . In addition, the site should be surveyed for signs of
phytotoxicity such as inexplicable bare areas, low plant diversity, low plant vigor, or symptoms
of toxic injury.
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Table 1. Phytotoxicity data used in the derivation of soil benchmarks (NOEC and LOEC concentrations are mg/kg of the element.
Duration is measured in days.)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Aluminum Soil AICI3 Batlcy 24 [ 12 Dry wet. root/shoat 4 Macleod and Jackson. 1967
Aluminum Soil AICT3 Barley 24 6 12 Dry wgt. plant & Macleod and Jackson. 1967,
Aluminum Soil AlCH3 Barley 24 6 t2 Dy wgt. rootfshoot 4 Macteod and Jackson. 1967
Aluminum Solution A12(SO4)3 Asparagus 0.05 0.13 Dry wgt. root/shoat 4.7 Wheeler and Folle:, (991,
Aluminum Solution Al2(504)3 Rice 13 027 23 [y wgt. ront/shoot Wallace and Romney, 1977
Aluminum Solution AICII+ AKNOIY) Spruce 2l 54 81 Rel. gwth. rate toot 38 Goransson and Eldhuser. 1991.
Aluminum Sodution A12(SO4)3 Soybean 13 0.27 2.7 Dry wgl. root/shoot Wallace and Rommey. 1977,
Alvminum Solution ARISD4P Letluce 56 09 if Adr dry wgt. plant 473 Mclean and Githert 1927
Alaminum Soiution AL2(S04)3 Lemon 60 48 83 Fresh wgt: roat tenpth 4 Lin and Myhre. 1991
Aluminum Solution AR2i504)2 Tuznip ki 18 72 At dry wet. shoot 4.3 McLean and Gilbert 927,
Aluminum Sotution AlZ(504)3 Rye 70 15 1.CT Alr dry wgl. rool 4.5 McLean and Criihert. 1927
Aluminum Soiution AiZSO4)3 Letuce 36 N} 27 Air dry wet. plant 43 McLean and Gilhert 1927
Aluminum Solution AIKS04)3 Orange 60 4.8 81 Fresh wgt. root ienpth 4 Lin and Myhre. 1%
Aluminum Soluiion AlZ{504)3 Beet b ] [ Aar dry wgt. plant 43 McLean and Gilbert. 1927
Aluminum Soiution AlZ504)3 Bariey n 1.8 L.CT Air dry wgt. root/shoot 43 McLean and Githert. 1927
Alnminum Solution AlCII+ AINOD3 Pinc 21 1616 269.8 Rel. gwth. rate shoot 1g Goransson and Eldhuset 1991
Aluminum Solution Al2{504)3 Radish k) 1.8 16 Air dry wgi. root/shoot 4.1 Mclean and Gilberi. 1977,
Aluminum Soiution AICI3 Barley EH 4 6 Dry wgt. root/shoot 4.1 Macleod and Jacksen. 1967.
Alumirum Solution AlXS04N3 Rye 63 |8 AT Air dry wgt. rpol 43 McLean and Gilbert. 1977
Aluminem Solution AICI3 Douglas fir 279 146 32 Dry wet. rootlgth. 35 Keltjens. 1990,

Aiuminum Sotution ALS04)3 Lettuce 42 0.54 i.08 Air dry wet. shoot 4.3 McLlean and Gilbert, 1927,
Aluminum Solution Al2(504)3 Beet 126 1.8 LCT Asr dry wgl. plant 43 McLean and Gilbert. 1927.
Aluminum Solution Al2(S04)3 Cirumele 60 43 83 Fresh wet. plamt 4 Lin and Myhre. 1991
Aluminum Solution AJ2(504)3 Carrot 126 36 LCT Air dry wgt, plant 4.1 MecLean and Gilbert. 1927
Alumanum Solutron Al2(504)3 Larrot 126 36 LCT Air dry wgt. plant 43 McLean and Gilbert. 1927

i3




Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC EOEC NOTES GROWTH PARAMETER pH REFERENCE

Aluminum Solution AlHS04)3 Douglas fir 79 4 H Dry wat. root 75 Keltjens, 1990

Aluminum Solution AlX504)3 Oat 63 i6 1.2 Air dry wgL. root/shoot 4.3 McLean and Gilbert. 1927,
Aluminum Sohtion Al2(S04)3 Squash 26 013 027 Dry wgt. root 4.7 Wheeler aind Foilet. 1991,
Aluminurm Solution Ai2(504)3 Beet i26 1.8 LCT Air dry wer. plant 0 McEean and Gilbert. 1927.
Aluminum Solution KAI{SO4)2 Rye grass 14 0.6 LT L.gth. longest toot 7 Wong and Bradshaw. 1982.
Aluminum Saolution AlZ(504)3 Citrange &0 [t Y] 27 Rood length 4 Lin and Myhre. 1991,
Aluminum Solution Al2(SO413 Carrot 126 36 LCT Air dry wet. plant 43 Mclean and Gilbere. 1527
Aluminum Solution A12(504)3 Orange 60 8.3 244 Fresh wgt, root length 4 Lin and Myhre, 1991
Aluminum Solulion Al.2(S04)3 Cabbage 98 7.2 LCT Air dry wgl plam 41 Melean and Gilhers 1627
Aluminum Solution AI2(SO4)3 Bariey 30 3 10 Dry wet. Tont/s hoot 43 Macleod and Tackson, 1967
Aluminum Solution Al2(504)3 Onion 3l 0.05 LCT Dry wat. ront/shost 4.7 Wheeler and Foller. 1991,
Antimony Surface soil 5 Phytotaxic i Kloke. 1976

Arsenic Black clay As203 Soybean 47 124 T ry wgi shoot Deuei and Swoboda. %972
Arsenic Black clay As203 Cation 42 67.2 B9.6 Dy wgt. shoot Deuei and Swoboda. 1972,
Arsenic Fine sardty loam As203 Cotion 42 1n.z2 LT Dry wet. shoot Deuel and Swoboda (972
Arsenic Fine sandy loam As203 Soybean 42 1.2 LCT Dry wet. shoot Deuel and Swoboda. 1972
Arsenic Solution 0.02 LCT Thytotonic Scharrer. 1953,

Barium [oam Ba(ND3)2 Barley 14 500 1.CT Dy wgt. plani Chauchry, et al. 1977
Barium Loam Ba(NO1)2 Bush beans 14 100 2000 Dry wgt plant Chaudhry, ecal 1977
Bariem Solution 500 LOT Phytooxic Chapman. 1966

Beryllium Solution BeCI2 Barley 20 2 LCT Dry wgt. plant 5.1 Romney and Childress. 1965
Beryltiuvm Solution BeCl2 Alfalfa 54 2 4 Dry wet. plant 53 Romney and Childress. 1963
Beryllium Solution Bean 48 03 LCT Dry wgt. plant 5.3 Romney, etal. 1962
Beeytlium Sofution BeCI2 Pea 24 2 LCT Dry wgt. plant 53 Romney and Childress. 1965,
Beryllium Solution BeCI2 Lettuce 28 2 LCT Dry wet. plant 53 Romney and Childrest. 1965
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Beryllium Surface soil 10 Phytatoxic Kioke. 1979

Risenuth Selution 27 Phytatoxic Scharrer, 1955,

Boron Muck H3RO3 Corn 28 10 50 Dry wpt. shoot 45 John, et al. 1977,

Boron Silt loam H3IBOC3 Corn 28 1o 50 Dey wel. shoot 5.7 John, et al. 1977,

Boron Siit loam H3BO3 Corn 18 05 LCT Dry wgt. shoot 57 lohn, &1 al. 1977

Boron Solution i LCT Phytotoxic Bowen. 1979,

Boron Solution H3BO3 Bush bears 16 1.08 5.4 Bry wgt. roovleaves Wallace, et al, 1977,
Bromine Solution 15 1LCT Phytotoxic Chapman. [966.

Bromine Surface soil o 10 Phylotoxic Kloke {979

Cadmium Alluvial soil Cdo Rict 05 30 100 Dry wgt. root/stem 595 Muramoto, er al | 960,
Cadmium Aluvial soif 40 Whear 161 [4] k't Yield grain 59% Muramato, et ai. 1990,
Cadmium Brown earth smi CACI2+Cdlo1: 1) Radish 42 50 LCT Dry wgt oot 4.6 Khan and Frankland. 1984
Cadmium Brown earth soil CdC12 Radish 42 n L.cr Dry wer. roou'shot 5.4 Khan and Frankland. 1983,
Cadmium Brown earth soil dCi2 Oat 42 10 1T Dry wgt. root 5.4 Khan and Frankland. 1984
Cadmwm Brown earth soil Cd0 Wheat [ 100 LT Diy wgt, roct 46 Khan ant Frankland. 1584
Cadmium Brown earth soil Cd0 Radish 47 100 ECT Lry wet. root/shoot 5.4 Khan and Frankland. 1981
Cadmivm Brown earth soil CdC1} Wheart 42 50 LCT Dry wal. roo 46 Khan and Frankiand. 1984
Cadmium Humic sand CdCi2 Tomato 4 171 EC50% Fresh wgt. shoot 51 Adema and Henzen 1989
Cadmium Humic sand Cacnz Lenuee 14 136 EC50% Fresh wer shoot 5.1 Adema and Henzen. 1989
Cadmum Humic sand cecn Dal 14 g7 ECS0% Fresh wat. shoot 51 Adema and Henzen. 1989
Cadmium Loam CdC12 Oal 14 159 EC50% Dry wgt. leaves 75 Adema and Henzen 1989
Cadmium Loam CdCi2 Tomatn 14 16 EC50% Fresh wgl shont 75 Adema a2nd Henzen. 1989,
Cadmium Loam CdCiz Lettuce 14 33 EC56% Fresh wet. sheot 75 Adema and Henzen. 1989,
Cadmium Loamy sand Corn Ell 2.5 LCT Dry wat. shoot 6 Miller. et al. 1977
Cadmium Loamy sand CdCR Corn 5 15 25 Roct length 6.5 Hassert, ct al. 1976,
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NCTES GROWTH PARAMETER pH REFERENCE

Cadmium Loamy sand Spinach 0 2 4 Dry wgt. plam i3 Sadana and Singh. 1987h,
Cadmium Loamy sand Wheat 10 LCT Yield grain 8.4 Sadana and Singh. 1987a.
Cadmium Sand CdCi2 Bluesiem 84 10 LCT Dry wgl. root/shoot 78 Miles and Parker. 1979
Cadmium Sand CdCiz Cora 35 28 LCT Dry wgt. plant 5 Traynor and Knezek. 1973
Cadmium Sand cuiture CdCiz Red alder T 0.031 0.062 Dry wgt. root/stem Wickliff and Evare, 1980
Cadmium Sandy loam CACI2 Red oak 112 0 50 Dry wgi. plant [ Dixon. 1988,

Cadmiuny Sandy-+clay loams Cdciz Wheat 45 1] 2 Yield grain/straw 8.4 Singh, etal. 1991,
Cadmivm Silica sand CdCiz Red alder T 0.061 LCT Dry wpt. siemficaves Wickliff, e1al. 1980,
Cadmium Sitica sand CdCi? Silver Maple 54 5 1.CT Dry wel. roolleaffsiem Eamoreanx and Chaney 1977
Cadmium Sitty clay loam CdCI2 Lettuce a7 25 LCT Dry wgt. plant €7 Fiaghiri. 1973

Cadmium Silty clay loam CdCI2 Soybhean 35 5 10 Dry wgt. shoot 6.;? Haghiri. 1973

Cadmium Silty clay Joam CaCiz Sycamore 90 5 1.CT Leaf biomass - Carlson and Bazzaz. 1977
Cadmivm Silty clay feam Cdac Radish 28 P AT Dy wat. ool 0.7 Haghirt, 1973,

Cadmism Silty clay loam CdClI2 Wheat 35 25 b Dry wgt. shoot 6.7 Haghiri. 1973

Cadmium Soail CaCi2 Sovhean 5 10 Seeds per plant Atry and Sakar  99]
Cadmium Soil + sand ¢1:1) CdC12 Spruce 100 1 2 Dry wgl, root/shoot 13 Burton, ef al. 1984
Cadmium Solution Cacil Swiss chard 35 0.3 1 Diry wet. shoo 63 Turner 1973,

Cadmium Solution CdSO4 Tomata 21 | LeT Dry wgt. plant Page, ctal. 1972
Cadmium Scution CdS504 Chrysanthemum 21 0112 LCT Dry wgt. root/siem Patel. et al. 1976,
Cadmium Solutinn CdCIz Rye 10 50 100 Dry wgt. shoot 59 Carlson and Rolfz. 1979.
Cadmium Solution C4as04 Bean 21 0. LeT Dy wel. plant Page, et al. 1972,
Cadmium Solution CdS04 Bean 15 0.06 6.1 Dry wgt. root/leaves 5 Waliace. 1979.

Cadmium Solution CdCl2 Tomato 14 3 EC50% Fresh wgl. shoot Adema and Henzen. §989.
Cadmium Solution CdSO4 Pepper 21 1 LCT Dry wgt. plant Page, et al. 1972,
Cadmium Solution CASO4 Turnip 21 0.1 LCT Dry wet. plant Page, et al. [972,
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Cadmium Solution CdSO4 Rirley 21 1 LCT Dry wei. plant Page, et al. 1977,
Cadmium Solution CdSO4 Lenuce 21 1 1CT Dry wpt. plant Page, etal. 1972
Cadmium Solution CdS04 Corn 10 0.112 LCT Fresh wgt. plant Stiborova, e1ai. 986
Cadmium Solution €dCi2 Oat 14 [ EC50% Fresh wgt. shoot Adema and Henzen. 1989.
Cadmium Sotution CdCI2 Lettuce 14 0.84 EC50% Fresh wgl. shoot Adema and Henzen. 1939
Cadmium Solution CcdCi2 Beett oot 35 0.1 1 Dry wgt. shoot 63 Turner. 1973,

Cadmium Solution CdCi2 Carred a5 0ol LCT Dry wgt. shoot 63 Turner. 1973

Cadmium Solution CdSO4 Cabbage H | 1 235 Dry wet, plant Page, ecal. 1972,
Cadmium Solution: Cas04 Corn M| 0125 a8 Dy wgt. plant Page. ef al 197},
Cadmium Solution CdSO4 Rye grass 14 125 1.CT Lgth.fangest root/shoot 7 Wong and Bradshaw. (982
Cadmium Sotution Cd(NO2 Soybeans 21 005 icT Dry wet. root/leaves 62 Cunningham. 1977
Cadmium Solution CdsS04 Beet PXi ol LCT Dy wet. plant Page. et at 1972
Cadmium Solution CdCi2 Tomato i o {N] Dry wgt. shool 63 Turner. 1973

Chromium Humic sand K2Cr207 Tomalo 14 21 ECs0% Fresh wat. shoo 51 Aderma am] Henren 1939
Chromiuvm Humic sand K2Cr207 Oat 14 1l ECSOR Fresh wgt. shoot 5.1 Aderna and ienzen 19R9.
Chromium Humic sand K2Cr207 Lettuce td > 1 EC50% Fresh wpt. shoot 51 Adema and Henren. 1989
Chromium Loam K2Cr207 Soybean 3 10 30 Fresh wgt shoot Turner and Rust 1§71,
Chromium Loam K2Cr207 Tomato i4 68 EC50% Fresh wgl. shoot 75 Adema and Henzen. 1989
Chromium Loam K2Cr207 OaL 14 74 EC50% Fresh wgt. shoot 75 Adema and Henzen. 1989,
Cihromium Loam K2Ce207 Letiuce 14 18 EC30% Fresh wgt. shoot 15 Adema and Henzen 1989
Chromium Solution CrCI3+K2Cro4 Cabbage 55 2 19 Dry wpt. plant 5 Hara. et al. 1976
Chromium Seluion K2Cr207 Sayhean h] as 1 Dry wgl. shoot Turner and Rust. 1971,
Chromium Solution Cr504 Chrysanthemum 21 0052 LCT Dry wgt. siem/leaves Paiel, et al. 1974,
Chromium Solution K2Cr207 Lettuce 14 0.16 LECS0% Fresh wet, shoot Aderna and Henzen. 1989,
Chtomium Sol ution Cr2(504)3 Rye grass 15 e 50 % seed gemination Breeze. 1973
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Chromium Solution K2Cr207 Qat 14 14 EC50% Fresh wgt. shoot Adema and Henzen, 1989
Chromium Solution Cr2K207 Rye grass 25 10 50 % sced germination Brecze. 1973,

Chromivm Solution K2Cr207 Rye prass 14 15 LCT Lgth. longest root 7 Wong and Bradshaw. 1982
Chromium Solution K2Cr207 Rush bears 1 27 1.CT Dry wpt. leal Wallace, et al, {9772
Clwomium Solution K2Cr207 Tomatn 14 0.29 EC50% Fresh wpt. shoot Adema and Henzen. 1989,
Cobalt Sotution Col(M4 Bush beans 21 G.08 LCT Dry wat. leaves Wallace, ct a}. [977a,
Cobalt Surface soil 25 Phytowoxic Linzon. 1978,

Cobalt Solutkon CoSO4 Chrysanthemum 21 0.059 LCT Dry wgl. root Patel, et al. 1976.

Copper Loam CuS4 Bush beans 17 100 pivi] Dry wpt. leaves Wallace. et al, 1977
Copper Sand CuSd Bluvesiem L) 100 LCT Dry wel. root/shoot 7.8 Miles and Parker. 1979
Copper Sand {uStH Bluestem R4 tO0 LCT Dry wat. rootfshoot ag Mites ang Parke:r. 1979
Copper Soit Clover 120 40 10T Phytoroxic Iherak. etal 1978
Copper Soiution CusOd Rice 4 151 51 Ront lenpth: Gupta and Mukherp, (977,
Copper Solgtion CuS(4 Tobacco 2i 16 032 Dry wgt. root/shon Strwckmeyer, e1al 1969
Copper Solution CuS(H Rye grass 14 003 LT Lgth. longest rom 7 Wong and Aradshaw |9R2
Copper Sotutzon CusO4 Corn 10 0.064 L.cT Fresh wgt. plant Stibewova, er al {986,
Copper Surface sonl 1] Phytotoxic Kovalskiy. [574

Copper Soluion CuS04 Chrysanthemum 21 0064 LCT Dry wet. root Patel, ctal. 1976
Dinirophenol, 2.4 Clay Fescue 2 20 40 Fresh wet. shoal 475 Chvercash, et al. 1982,
Dinitrophenol. 2,4 Clay Corn 2 Pyl 40 Fresh wgt. shont 4.75 Cwercash. el ai. 1982
Dinitrophenol, 2.4 Clay Soybeans 23 20 1.CT Fresh wet. shoot 475 Overcash, ¢t al. 982
Dunitrophenol, 2.4 Sandy loam Soybean 20 40 % seed permination 4 (vercash. er al. 1982,
Diniwrophenol. 1.4 Sandy loam Fescue 2 6 & Fresh wegt. shoot 6 Overcash, et al. 1982,
Dinitrophenod, 2.4 Sandy loam Corn ) B0 % seed germination 4 Overcash, et al, 1982,
Dinitrophenol, 2.4 Sandy loam Fescue 21 pd1] 40 Fresh wat. shoot 4 Overcash, et al. 1982,
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE
Dinitrophenal, 2.4 Sandy loam Corn 2§ x Fresh wet. shoot ] Overcash, et al. 1982,
Dinittophenol, 2.4 Sandy loam Soybeans 2t 20 Fresh wgt. shoot 4 Overcash, er al, 1982,
Dinitrophenol, 2.4 Sandy loam Corn 21 20 LCT Fresh wet. shoot 4 Overcash, et al. 1982,
Dinitrophenol, 2.4 Sandy loam Soybeans 21 20 LCT Fresh wel. shoot 6 Overcash. et al. 1982
Di-n-butyl phthafaie Clay Fescue 21 0 2000 Fresh wgt. shoot 4.75 Onvercash, et al. 1982,
Di-n-butyl phthalate Clay Corn | 200 LT Fresh wgt. shoot 4.75 Overcash, et al. 1982,
Di-n-butyl phthalate Sandy loam Cotn 2l 200 LCT Fresh wpt. shoot 575 Overcash, ct al. 1982
Di-n-butyl phthalate Sandy loam Fescue 2l 200 2000 Fresh wpr. shoot 578 Overcash, et al. 1982,
Di-n-buryl phihalate Sandy loam Soybean 21 m LCT Fresh wgl. shont 578 Overcash, et al. 1982,
Di-n-butyl phthalate Sandy loam Soybean 200 LCT % seed germination 4 Overcash, ct ai. {982,
Di-n-butyl phikalate Sandy loam Corn 21 M 1L.CT Fresh wgt ront/shoot 4 Overcash, et al, {982,
Flaorine Surface soil 200 Phytowoxic Kloke. 1979

Fluorine Solutson 5 LT Phytoroxic Scharrer 1055

lodine Loam KI Tomate 95 0.45 45 ry wgt. shoot 6.75 Newton and Toth. 1951,
lodine Sand Kl Tomate 045 45 Dry wgt. shoot 6.75 Newton and Toth. 1952
ladine Saft boam Kl Tomato 0.45 45 Dry. wpt. shoot 6.75 Newton and Toth, i952.
todine Sih loam Kl Tomate 045 45 Diry wge. shoot 675 Newton and Toth. 1952,
fodine Solution Ki Tomatn 1] ns 5 Dry wgt. shoot Newton and Toth. 1952,
kodine Solation KI Corn 60 0.1 0.5 Dry wgt. shoot 5.8 Lewis and Powers. 1941
ron Solution FeSO4 Bush heans 15 1.6 9 Dry wgt. rootleafistem Wallace, e1 al. 1977,
Iron Solution FeS04 Cabhage 55 1] 50 Dry wgt. plant 5 Hara, et al. 1976,

tron Sofution 10 LCT Phytotoxic Chapman. 1966.

Lead Brown earth soif mCiz Wheat 42 500 1000 Dry wgt. ront 4.4 Khan and Frankland 1984
Lead Brown eatth soil PoCiz Oat 42 100 500 Dry wgt. root 54 Khan and Frankland. 934,
Lead Loamy sand PaCi2 Corn 5 250 500 Root length 6.5 Hasset, et al, 1976,
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTI PARAMETER pil REFERENCE

Lead Loamy sand Corn k1| 125 250 Dry wpt. plant 6 Mitler, ¢1al. 1977,

Lead Sand PuCI2 Bluestem 84 450 LCT Dry wgt. root/shoot 78 Miles and Parker. 1979,
Lead Sand PECI2 Bluestem 84 450 1CT Dry wgt. root 43 Miles and Parker. 1979
Lead Sandy loam Caciz Red oak mn 20 50 Dry wet. plant 6 Dixon. 1988.

Lead Silt loam PeCI2 Rye 190 100 5000 Bry wgt. shoot 59 Carlsen and Rolfe. 1979,
Lead Silty clay loam PhCI2 Sycamore 90 30 LCT Leaf biomass Carlson and Bazzaz, 1977,
Tead Solution PB{NO3)2 Wire grass 14 10 LCT Root length Wong and Lau. 1985,
Lead Solution Ph{NO32 Bermuda grass 14 10 LCT Root length Wong and Lau. 1985.
Lead Solution M{NO)Z Bermuda prass 14 14} LCT Rot length Wong and Lan 985
Lead Solution PS04 Bean 28 5 14 Dry wgt. plant Hoopee. 1937

Lead Solution Ph{NO3? Rye prass i4 25 L.CT I.ght.longest root/shoot Wong and Bradshaw. 982,
Lead Solution PHNO3} Wire grass 14 0 20 Root length Wong and Lan [98S
Tead Salution PhSO Rean 2R 3 0 Try wgt oplan Hooper, i937

Lead Solution Ph504 Bean 28 3 10 Dry war. plant Hooper. 1937

Lead Solution bS04 Bean 28 0 30 Dry wgt. piant Hooper, 1937,

f.ead Solution PhSCd Bean 28 F.1] L] Dry wgt. plant Hooper. 1937

iead Solution Ph{NO3;2 Wire grass 14 i LCT Root fength Wong and Lau. 1985
lLead Solution Ph{NO3)2 Corn 10 .7 m Fresh wgt, piant Stiborova, ot at. 1986,
Lead Sodution PhiNO3R2 Bermuda grass 14 10 1.€F Rt lfength Wong and Lau. 1985
1cad Alluvial son PuCI2 Wheat 161 1000 3000 Dry wgt. root/shoot 5.95 Muramoto. 1990

Lead Brown easth soil PCI2 Radish 41 i00 500 Dry wpl. ront 5.4 Khan and Frankland. 1983
Lead Brown earth soil PO Radish 42 1000 1L.CT Diry wgt. root 54 Khan and Frankland. 1981
Lead Silt loam PhCI2 Fescue 10 1000 5000 Dry wegt. shoot 59 Carlson and Rolfe. 1979,
Lead Soi} + sand {I:1} P12 Spruce 100 50 0 Dry wgt. root/shoot 33 Burton, et al. 1984,
Lithium Loam LiNO3 Cotton 21 25 50 Dry wegt. leaf/stem Wallace, et al. 1977¢
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Lithium Loam Licl Bush beams 16 10 25 Dry wat. leaf Wallace, &1 al. 1977c.
Lithium Loam LizC204 Barley 10 500 LCT Dry wgt. shont 6 Wallace. 1975.

Lithium Soil Orange 180 2 Phytotoxic Aldrich, et al. 1951
Lithium Solutioh LiNO3 Bush beans H 35 LCT Dry waL. stem Wallace, et al. 1977c.
Manganese Loam MnS0O4 Bush beans 14 500 LCT Dry wgt. stems Wallace, er al. 1977h,
Manganesc Quartz sand MnSo4 Sirarro 6 30 LCT Dry wet. plant 4.2 Hution, et ak. 1978,
Manganese Quartz sand MnSO4 Siratro 76 LT Dry wgt. plant 42 Hutton, 4 al. 1978
Mangancse Quartz sand MnSO4 Siratro 76 LCT Dry wgt. plam 42 Hotton, et al. 1978
Manganese Quartz sand MnS04 Siratro 76 ki) 45 Dry wgt. plant ) 4.2 Hutton, et al. 1978,
Manganese Crartz Sand MnS04 Siratro 16 30 LCT Dry wgt. plang 42 thetten, et al. 1978,
Manganese Solution MnSO4 Spruce n 1 44 Root length ] Langheinrich, e al. 1992,
Manganese Solution MnSO4 Bush beans 16 55 1.CT Dry wet. root/leaf/siem Wallace, ct al. 19775,
Manganese Solution MnS04 Wheat wn n bt Dry wpr romfshoot 4% Burke. et al. 1960
Manganese Solution MnS0D4 Bush beans 21 5.4 54 Dry wgt. rootsiealfsstem Wallace, et al. |977h
Manganesc Solution MnSO4 Spruce 32 11 44 Rel. gwth. rate ] Langheinrich. etal 1997
Manganese Solution MnSO4 Spruce I 44 1.CT Hgs. eptcotyl 4 Langheinrich et ai. 1992,
Manganese Solution MnS04 Wheat n 30 1.CT Dry wgr oot 4.8 Burke, et al, 1990
Mangancse Solution MnSO4 Wheat k) 10 1cT Dry wgt. rom 4.8 Burke. et al. 1990,
Manganesz Solution MnSO4 Spruce ' 44 LCT Hat. epicatyl 4 Langheinrich e1al 1997
Manganese Solution MnSO4 Tomato 17 175 5.49 Dry wgL. plant 55 Le Bot. et al. 1990
Manganese Solytion MnSO4 ‘Wheat L] n LCT Dry welL. reot/shoot 48 Burke, et al. 1990.
Manganese Solutien MnSO4 Rye grass 14 0.75 LCT Lgth. longest root 7 ‘Wong and Bradshaw, |982
Manganese Solution MnSO4 Wheat 30 30 LCT Dry wgt. root 48 Burke, et al. 1990,
Manganese Solwion MnSO4 Bean 1 ? 20 Dry wgt. rootficaves s Wallace, 1979,

Mercury Saoil (] LCT Phytexoxic Kloke. 1979
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Table 1. {(continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC IL.OEC NOTES GROWTH PARAMETER pH REFERENCE

Mercury Solutien CH3HgCI Sprixe 35 0.02 LCT Chloraghyli in necdles 43 Schiegel, et al. 1987.
Mercury Solution 1gCl12 Rye grass 14 5 1CT Lgih.longest root/shom 7 Wong and Bradshaw. 1982,
Mercury Solution HgCl2 Spruce 35 0.m LCcT Chlorophyll in needies 43 Schiegel, et al. 1987
Mercury Solution ChiHgClI Spruce 35 0.0302 LCT Transp. rate/COZ uptake 43 Schdegel, <t al. 1987,
Molybdenum Soil 2 LCT Phytotoxic Linzon. 1978
Molybdenum Solution 0.5 1.CT Phytotoxic Chapman. 1966.
Molybdenum Solution HIMoO4 Bean 14 s 1CT Dry wet. leaves 5 Wallace. 1979.
Molybdenum Solution H2MoO4 Bush beans 14 96 LCT Dry wgt. leaf Wallace, er al. 1977,
Nickel Loam NiSO4 Corn 19 100 250 Dry wegl. shom 42 Wallace, et al, 1973,
Nickel Loam NiSO4 Bush beans 16 100 250 Dry wgl. shoot 7.5 Wallace, eral. 1971d.
Nickel loam NiSO4 Corn 19 100 250 Dry wgi. shont 5.6 Wallace, et al. 1977d.
Nickel Loam NisSO4 Cotn 19 100 30 Dry wet. shoot Watlace, et al. 1977d.
Nickel lLaam NiSO4 Bush heans 2R mno iICT Dry wpr ieacec Wallace, pral 19724
Nickel Loam NiSO4 Batley 28 25 LCT [y wgl. shoot Wailace, et al. 19774,
Nickel Loam NiSO4 Corn 9 100 250 Dry wet. shoot 42 Wailace, et ai. 19774
Nicke! 1.oam NisSO4 Bush beans 16 100 LCT Dry wegt. shicg 58 Wallace, et al_ 1977d.
Nickel Sand NiC212 Cotn 3s R0 294 Dry wet. plant 5 Traynor and Knezek. 1973
Nickel Sandy loam NiCI2 Red Oak 112 pitl 50 Diry wpt. plant 6 Dixon. 1988.

Nickel Solution Nis04 Rye prass 14 a3 LCT Lzlh. Jongest root 7 Wong and Bradshaw 19R2
Nickef Solution NiSO4 Chrysanthemum 21 0.06 0.59 Dry wgt. slemileaves Pael. etal. 1976

Nickel Loam NiSO4 Rye prass 28 0 130 Dry wat. shoot 4.7 Khalid and Tinsley. 1980
Nickel Solution Bean 21 1.17 LCT Dry wat. rock/fleaves 5 Wallace. 1979.

PCB Sand Aroclor 1254 Soybean 26 10 100 Fresh wgt. shoot 4.7 Weber and Mrozek 1979,
PCB Sand Aroclor 1254 Soybean 1000 LCT Fresh wgt. shoot 4.7 Strek and Weber. 1980,
PCR Sand Aroclor 1254 Pigweed 40 100 Fresh wgt. shoot/p.hgt. 4.7 Strek and Weber, 1980,
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Table 1. {continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

PCB Sand Arocior 1254 Soybean 1000 LCT Fresh wgt. shool 4.7 Strek and Weber. 1950
PCB Sand Aroclor 1254 Pigweed pail 40 Fresh wgt. shoot/p hgt. 471 Steek and Weber. i980.
PCB Sand Aroclor 1254 Soybean 1000 LCT Fresh wgt. shoot/p.hgt. 47 Strek and Weber. 1980,
PCB Sand Aroclor 1254 Pigweed 28 b1 100 Plant height 4 Strek and Weber. {982,
PCB Sand Aroclor §254 Soybean 1000 LCT Fresh wgt. shoot/p.hgt. 4.7 Strek and Weber. (980,
Selenium Loamy sand Na25e04 Sorgrass 42 t ECT Dry wpt. shoot 55 Carlson, et 31, 1991
Seleiium Sand Na2Se(4 Sorgrass 42 i LCT Dry wgt. shoot 49 Carlson, et al. 1991.
Selenium Sard Na25e04 Sorgrass 42 1 LCT Dry wet. shoot 6.5 Carlson, et al. 1991,
Selenium Sand Nalse03 Sorgrass 42 1 1 Dry wer shoot 49 Carlson, et al. 1991
Selenium Silica sand NalSeOd Rye grass 1] 1.7 10.3 Dry wgt. plant Smith and Watkinson. 1984
Seleniym Silica sard NalSe(4 Clover 60 10.3 129 Dry wgt. plant Smith and Wakinsen. 1984
Seleniam Sibica sand NaZ$e()y Rye prass 60 7.7 10.3 Dey wgt, plant Smith and Walkinson 1984
Selentum Solation NalSe(¥1 Wheat 42 | 10T [Iry wgt rona/shoed hpt Mariin. 1938

Selenium Solution Na28e(1 Milk-vetch ] 27 Dry wgt. plam Trelease and Trelease 193&
Selemum Sotution Na2Se(y} Buckwheat 42 i 1T Dry wpgt. root/shoothpt Martin. 934

Seienium Loamy sand Na2Se(d Sorprass a2 1 1T Dry wgl. shoot 6 Carison, et al. i99],

Siiver Soil 2 LCT Phylotaxic Linzon 1978

Sitver Solution AgNO3 Bean 13 0,068 LET Dry wel. leafl 5 Wallace. 1979

Silver Solution AgNO3 Bush beans 3 017 LCT Dry wgl. plam Wallace, et a. 1977a
Tellurivm Solution K2TeQ3 Wheat 42 2 LCcT Dry wgl. root/shoot Martin. 1917

Thaltium Quartz sand TINO3 Tobacce 0 ot 0.3 Fresh wgt. shoot Spencer. 1937

Thallium Solution | LCT Phytotoxic Stiles. 1958,

Thallivm Surface soil 1 Phylotoxic Kloke. 1579

Tin Solution 40 Phytotoxic Schroeder 1955,

Tin Surface soil 50 Phylotoxic Kloke. 1979,
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DIURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE
Titanium Solution TiCt3 Cabbage 55 0.4 4 Dry wet. plant 5 Hara, e al. 1976.
Titanium Solution TiCi3 Bush beans 21 0.069 LCT Dry wet. leaves Waliace, et al. 1977a.
Toluene Clay Saybean 21 2000 20000 Fresh wgt. shoot 475 Overcash, et a). 1982,
Toluene Clay Corn 2 200 LCT Fresh wpt. shoot 4.75 Overcash, et 5. 1982
Toluene Samndy loam Corn 2000 20000 % seed germination 4 Overcash, eral. 1982,
Toluene Sandy loar Corn b1 2000 20000 Fresh wpl. shoot 57 Overcash, et al. (982,
Toluene Sandy loam Fescue b 2000 20000 Fresh wgi. shoot 5.7% Overcash, et al. 1952,
Toluene Sandy loam Soybean 2 200 LCT Fresh wgt. shoot 5.75 Overcash, er al. 1982,
Toluene Sandy lnam Soybean 00 2000 % seed germination 4 Overcash, ef al. 1982,
Vanadium Sand Cotn 67 1.25 6.25 Plant hgt feafl arca Singh. 1971,
Vanadium Soit 2.5 LCT Phytolexic EPA. 1975,

Yanadium Solutien V(i3 Cabhage 45 N4 4 Dry wgt. plant 5 Hara, et al. 1976
Vanadium Solutien NH4vV(} Rush beant 14 17 1cT Dry wgt. moats Wallare, =i af 1GTF
Vanadium Solution NH4V{3} Bean i4 .22 LCT Dry wgl. root 5 Wallace. 1979
Varadium Surface soil 50 Phylotaxic Kloke. 1979,

Zime Alluvial soit ZnQ Rice 105 1000 LCT Dry wgt. oot 595 Muramote. 1990,

Zinc Clay loam ZnS04 Cowpea 3l 157 .82 35 Dy wge. shoot Galt ang Barnette. 1940
Zinc Clay Jam InS04 Cotn k)] 41376 631.58 Dy wet. shoot Gall and Barnese. {940
Line Fine sandy laam ZnS04 Cowpea n 111.8 22136 Dry wgt. shoot Gall and Barnette. 1940
Zinc Fine sandy loam ZnSO4 Corn 31 222.36 133 54 Dry wgt. shoot Gal) and Barnente. 194G
Zimc Sand ZnSO4 Corn 3 201.8) 403 63 Dry wgt. shoot Gall and Barnetie. 1540
Zinc Sand InS04 Cowpea k]| 8067 1414 Dy wgt. shoot Gafl and Barnetie, 1940
Zinc Sand ZnSod Cotton he) 140 LCT Dry wet. shoot 55 Lec and Page. 1967
Zinc Sandy loam Peanut s 14 17 Dry wgt. plant Keisling, et al. 1977.
Zing Sandy loam ZnS04 Soybean 23 115 131 Dry wgt. leaves 5.5 White, eval. 1979,
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Zinc Sandy loam 4nS04 Soybean 18 327 393 Dry wet. leaves 6.5 Whitc, et al. 1979

Zinc Soil ZnS04 Spirach 60 872 LCT Dry wet. root/shoot Lata and Veer. 1990.

Zinc Soil ZnS04 Soybean 10 25 Sceds per plant Aery and Sakar, 1991,

Zinc Solution Clover 46 0.082 0.41 Dry wet. plant 6 Carroll and Loneragan. {968
Zinc Solution Barrel medic 46 0.082 0.41 Dry wet. plant 6 Carroll and Loneragan. 1968
Zinc Sotution Lucerne 4 0.082 0.41 Dry wgt. plant 6 Carroll and Loneragan, 968,
Zinc Solution ZnSO4 Chrysanthemum 2 0.63 6.5 Dry wgt. stem Tatel, et al, 1976,

Zinc Solution Zn504 Bush beans 16 1.62 16.2 Nry wet. root/shoot Wallace, et al. 1977b.

Zinc Solution Zn504 Rye grass 14 1.85 LT igih, fonpest rexn 7 Worng and Hradshaw (98]
Zinc Ailavial il ZrQ) Wheat 161 1000 LCT Dry wet. plant/gramn vld, 5.95 Muramnto, 1990

Zinc Soil 70804 Coriander 60 872 (K1 Dry wat, root/shoo Lata and Veer. 1990,
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Table 2. Screening benchmark concentrations for the phytotoxicity of chemicals in soil and soil
solution (Letters after concentrations denote values said in secondary sources to represent

phytotoxicity thresholds)

CHEMICAL SOIL SOLUTION
(mg/kg) (mg/L)
Aluminum 10 0.5
Antimony 50 -
Arsenic 10 0.02°
Barium 500 500°
Beryllium 102 0.5
Bismuth - 27"
Boron 0.5 1¢
Bromine 10 15¢
Cadmium 2 0.1
Chromium 2 0.05
Cobalt 25 0.06
Copper 40f 0.03
Fluorine 200° - 5°
Iodine 4 0.5
Iron -- 10¢
Lead 50 10
Lithium 2 3
Manganese 500 |
Methy] mercury - 0.002
Mercury 0.3 0.02
Molybdenum 2 0.5°
Nickel 25 0.1
Selenium 1 1
Silver 2¢ 0.07
Tellurium -- 2
Thallium 14 it
Tin 500 40"
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Tahle 2. (continued)

CHEMICAL SOIL SOLUTION "
{mg/kg) (mg/L)

Titanjum - 0.07

Vanadium 2.5 0.2

Zinc 20 0.4

2.4 Dinitrophenol 20 -

Di-n-butyl phthalate 200 --

PCBs 40 -

Toluene 200 --

¢ Kloke, 1979; * Scharrer, 1955; * Chapman. 1966 ¢ Bowen, 1979; ® Linzon, 1978; f Dvorak et al., 1978;
¢ Stiles, 1958; " Schroeder, 1955; ' EPA, 1375.
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